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Abstract 
TeleFOT is the widest pan-European field trial, co-funded by the European Commission, aiming to assess the impact 
of nomadic devices on the driving task, as well as on the transportation process as whole. Since February 2011, a 
series of four large-scale FOTs started executing in Greece; 150 drivers are participating in the study, testing a list of 
ND functions, such as Navigation Support, Speed Limit information, Traffic information and Speed Alert.  The paper 
aims to describe and discuss the study design and the preliminary results for the Greek test site. 
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of TRA 2012 
Field Operational Test; Nomadic devices 
1. Introduction 
The number of aftermarket personal navigation devices (PND) and smart phones (3G phones) is 
increasing exponentially today, and consequently, we are witnessing a breakthrough of these devices in 
assisting drivers. The GPS market is continuing to evolve from in-dash to PND to cell phones. In 2011, 
the total population of GPS-enabled location-based services subscribers reached 315 million, up from 12 
million in 2006 [1]. These systems (collectively called Nomadic Devices- abbreviated as NDs) are 
designed for general use, not specifically for in-vehicle use. That is why they may introduce usability and 
distraction problems decreasing safety as the devices are not specially designed for the vehicle context. 
This is why there is a strong need to study the impacts and come up with recommendations, updating 
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related standards and in the utmost case directives for designing and using these devices in traffic. To do 
so long term operational tests are needed involving drivers in real conditions using NDs during their daily 
driving for long periods of time. This need is served through the conduction of the so called Field 
Operational Tests (abbreviated as FOT) [2]. 
Field Operational Tests are now recognised as the most powerful method to provide reliable data on 
the effects of systems in safety, mobility, efficiency, environment and user up-take, and on the overall 
social and business impacts of the services and systems in a large-scale deployment – as actually is the 
case with the TeleFOT approach too. The main reason for the wide acceptance of FOTs is that in them a 
large number of users use the systems and services in their daily life in real driving conditions. In addition 
to the facts on effects, benefits and costs, FOTs are naturally very useful in verifying the technical 
performance of the systems in large-scale deployments and in guiding the development of driver 
assistance functions. 
TeleFOT is a Large Scale Collaborative Project under the Seventh Framework Programme, co-funded 
by the European Commission DG Information Society and Media within the strategic objective “ICT for 
Cooperative Systems”. Officially started on June 1st 2008, TeleFOT aims to test the impacts of driver 
support functions on the driving task with large fleets of test drivers in real-life driving conditions. In 
particular, TeleFOT assesses via Field operational Tests the impacts of functions provided by aftermarket 
and nomadic devices, including future interactive traffic services that will become part of driving 
environment systems within the next five years [3]. 
The paper aims to present the study design, the lessons learned, as well as early observations and the 
preliminary results in Greece, which is one of the TeleFOT test sites. 
2. Greek Large Scale Field Operational Tests 
Drivers who drive mainly in the Attiki region are participating in the Greek Large Scale Field 
Operational Tests (the Attiki region includes the Athens metropolitan area); this includes a network with 
urban, peri-urban roads, highways and rural roads. The users are free to use the functionality offered by 
TeleFOT also when they travel outside the Attiki region. 
The Baseline condition and LFOT1 started in Greece on February 2011. 150 drivers have been 
recruited; the selected participants are experienced drivers (hold a driving license more than 3 years) that 
drive more than 10000km per year, are not elderly (>65 years old) and they represent all levels of 
experience with driver’s support systems and of frequency of driving in various road environments. 
The Sygic voice guided GPS navigation software is provided to the users (with maps for Greece and 
Cyprus), installed on the Samsung OMNIA II nomadic device. The users are also provided with the fixing 
device and a vehicle charger (which operates via the vehicle’s cigarette lighter slot). The software 
presents to the driver the navigation interface, namely route selection screen plus route guidance screen 
and vocal output (in LFOT1) plus one of the following: the speed limit information (in LFOT2), the speed 
alert warning (in LFOT4) and traffic information as received by the Traffic Management Centre of 
Athens (in LFOT3).  Each LFOT condition lasts for approximately 4 months (2 months per group). 
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Fig. 1. The nomadic device provides a typical Windows mobile HMI. The pictures reflect from left to right the 
sequence that needs to be followed in order to initiate the TeleFOT application menu 
The software data logger starts automatically upon initialization of the TeleFOT application. The user 
is provided with a set of possibilities (from top to bottom): (a) Navigation support (static) – for FOT1, (b) 
Navigation support with Speed limit information – for FOT 2, (c) Navigation support with Traffic 
Information – for FOT3, (d) Navigation support with Speed alert – for FOT 4, (e) Calibration of the 
accelerometer – for the baseline condition and all FOTs. 
Fig. 2. The interface of the TeleFOT application 
The user is instructed to move the device in a way that the three lines are aligned (left side figure). 
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Figure 3: User interface of the TeleFOT accelerometer calibration.  
The user is able to use a list of options provided by the application, as shown in the following figure. 
Figure 41: User interface of the TeleFOT navigation application.  
In LFOT 1 the navigation software is used. It presents to the driver the navigation interface, namely 
route selection screen plus route guidance screen and vocal output. In LFOT2 the navigation s/w is set to 
present (together with the navigation support) speed limit information to the driver, through a visual 
speed limit traffic sign on the screen of the nomadic device. In LFOT3 the navigation s/w is set to present 
(together with the navigation support) the traffic information to the driver, through visual icons and text 
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on the screen of the nomadic device. Some acoustic tones are also used. In LFOT 4 the navigation s/w is 
set to provide (together with the navigation support) a warning to the driver, when he/she is driving with a 
speed greater than the speed limit in the current road segment. The warning is visual on the screen of the 
nomadic device and acoustic.  
The navigation system is always on in the experimental conditions and always off in the baseline 
condition. 
The drivers use their own vehicles in daily travel during the Greek Field Operational tests. The 
vehicles are provided with the aforementioned nomadic devices which are equipped with software that 
records the vehicle dynamics and the driver’s behaviour. Summarising, In Greece 4 LFOTs are executed, 
as follows: 
xLFOT1: Navigation support 
xLFOT2: Navigation support and Speed Limit information 
xLFOT3: Navigation support and Traffic information 
xLFOT4: Navigation support and Speed Alert 
In order to guarantee comparability of results, a within subjects design is employed, in which the same 
subjects will participate in all the above LFOTs. Therefore four experimental conditions plus a baseline, 
which will be the same for all the LFOTs, will be achieved. The order of the presentations of the various 
conditions to the subjects will be rotated, so as to counter-balance for learning effects among Baseline and 
LFOT 1 and between LFOTs 2, 3 and 4. The timing on which each of the Greek L-FOTs is executed is 
described in the table below. 
Table 1. Order of presentation of the various conditions to the test participants. 
 Feb- Apr 
2011 
Apr – Jun 
2011 
Jun – Aug 
2011 
Aug – Oct 
2011 
Oct-Dec 
2011 
Group A, 25 subjects Baseline LFOT 1 LFOT 2 LFOT 3 LFOT 4 
Group B, 25 subjects Baseline LFOT 1 LFOT 2 LFOT 4 LFOT 3 
Group C, 25 subjects Baseline LFOT 1 LFOT 3 LFOT 2 LFOT 4 
Group D, 25 subjects LFOT 1 Baseline LFOT 3 LFOT 4 LFOT 2 
Group E, 25 subjects LFOT 1 Baseline LFOT 4 LFOT 2 LFOT 3 
Group F, 25 subjects LFOT 1 Baseline LFOT 4 LFOT 3 LFOT 2 
In this way it will be possible to study the effects of the Navigation support compared to baseline, as 
well as the additional effects of Traffic Information, Speed Limit Information and Speed Alert plus 
Navigation Support, compared to Navigation only and compared to Baseline. 
3. Field Operational test preparation 
3.1. Pilot Study 
Conducting a pilot study is necessary to prepare for the deployment of the different FOTs, and to 
support the design of the relevant tools for the evaluation process. It represents a relevant step for the 
mobilisation and dialogue between the various teams involved in the FOTs, hereby promoting a common 
framework and consensus for the evaluation process. The pilot tests in TeleFOT should address the 
following levels of analysis: firstly the technical validation of the data collection procedure in actual 
driving situations (from data acquisition, data transmission to data storage) and secondly the feasibility of 
the overall evaluation process – from the selection of participants through to data collection. It is, thus, a 
final rehearsal before the deployment of the actual FOT. It enables a check of the communication process 
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between the various teams involved in the practical deployment of the FOT and of the robustness of the 
technical tools designed for data collection and transmission. 
In Greece the pilot study was performed, right before the beginning of each condition. Each test 
involved five test participants, driving for 3 days with the respective function off and for 3 days with the 
respective function on. The participants completed once the background questionnaire (once before the 
pilot initiation), the user uptake questionnaires (once before, once during and once after the pilot 
conduction)and the travel diary (each day of the pilot study). The collected data were made available for 
analysis and review. This allowed for corrections and calibration of the test tools and optimisation of the 
test procedure. 
Prior to the pilot conduction two series of technical evaluations were performed. The first one was 
aiming at testing the test tools (isolated) capturing the quality of the tool and to verify that the test tool 
works properly. A list of test tools (especially for the objective data collection) were tested and following 
an optimisation phase the test tool that was selected as the most adequate for the needs of the Greek test 
site was the s/w data logger supplied by Telenavis. 
In addition to the technical evaluations of the test tools aiming at subjective data collection, also the 
survey tools (aiming at objective data collection) were verified and piloted. This resulted to optimisations 
of these tools as well. 
The second series of technical evaluation aimed at testing the data flow, i.e. testing the test tools in 
combination with the central user and data management centre. Several sessions of trial data loggings 
were performed in order to meet the interface specifications set by the central user and data management 
centre, resulting to the optimisation of the data logging process in the Greek test site. 
3.2. Participants recruitment 
All participants were informed in advance about the purpose of the Greek LFOTs, of any risks they 
may incur, the costs that are covered and not covered, whom to contact in case of breakdown, etc. For this 
purpose and for legal reasons, the arrangement between the involved organisation (Institute of 
Communications and Computer Systems) and participants themselves was formalised in the form of a 
legal contract.   
In order to obtain a valid consent from the participant in the FOT to log the data and allow for safe 
participation in the FOT, information on the test procedure and setup was provided in a comprehensive 
way, including information on which kind of data is being logged, who will have access to it, how to deal 
with malfunctions, responsibilities, etc. This information was provided in the form of a written manual, as 
well as through personal briefings. The possibility to ask questions at any time later during the FOT is 
also provided, in the form of a help desk that was established since the beginning of the recruitment 
phase. 
A search for possible participants was initiated via the AUTOMOBILE AND TOURING CLUB OF 
GREECE (ELPA), via personal contacts of the personnel in ICCS and via advertisements in relevant web 
sites and magazines. Possible participants completed the background questionnaire. The selection of final 
participants was done so that all the above conditions are true, namely they are experienced drivers, not 
elderly, both male and female are participating the experiment, they represent all levels of experience 
with driver’s support systems and of frequency of driving in various road environments. 
As in this type of tests not all participants finalise their participation as planned, the possibility for 
drop-outs was considered during the participants’ selection. Such drop-outs can have a biasing effect on 
the results of the FOT if the participants who quit early differ systematically from those who finalise as 
planned with regard to relevant characteristics (e.g. socioeconomic status, age, gender etc.). A 
“replacement pool” was created by reserving an extra number of participants to be recalled at short notice. 
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This approach helps to speed up the process in case of drop-outs, without affecting the time plan and 
therefore introducing extra costs. 
A sample of 150 drivers was recruited in order to participate in each LFOT. They drive in five 
conditions, the baseline condition, where no support is provided, and the four experimental conditions, in 
which they receive support through the navigation system, as explained earlier. 
Male and female drivers are both represented in the sample. Participants are experienced drivers, 
having a driving license for more than 3 years and driving annually at least 10.000 km. Elderly drivers, 
over 65 years old, do not participate in the sample.  
The navigation systems are currently being introduced in the Greek market. The sample is composed 
by both people with a previous experience in support systems and by people without such an experience, 
whereas the sample is composed by people who perform trips in all traffic environments.  
4. Data Collection in the Greek Large Scale Field Operational Tests 
Overall the data collected on site should be kept as limited as possible, be restricted to a minimum. At 
the same time the data have to be sufficient for the evaluation of the defined hypotheses, both common 
and specific to the functions and test sites. Based upon the work undertaken within the TeleFOt project 
for developing the research questions (RQs) and hypotheses (H) a core set of RQs and associated H to be 
considered within the Safety, the Mobility and Behaviour, the Efficiency, the Environment and the User 
Uptake Impact Assessment areas was established. The data analysis plans provide the details regarding 
the analysis techniques that will be used to answer each hypothesis, that is out of scope of this paper. 
Appropriate performance indicators have been chosen for each hypothesis and combination of 
hypotheses. Based on this work the variables required and therefore the actual raw data required for the 
calculation of the relevant variables, in order to address the core RQs and Hs in the project were defined.  
Data collected involve subjective as well as objective data. Subjective data can be retrieved from, e.g. 
participants’ descriptions of events and/or assessments of and preferences for features. Objective data can 
be retrieved from, e.g. recording of participants’ driving behaviour and the logging of speed, acceleration, 
etc. as described in the former sections, but also from observations. 
Data collection methods that could be used for the collection of subjective data include questionnaires, 
individual interviews, and focus group interviews. 
Data collection methods that could be used for the collection of objective data include measurements 
by logging but also activity-based diaries (or travel diaries) and observations. 
In the following sections the methods followed for the data collection in the Greek test site are 
described. 
4.1. Objective Data collection 
For the collection of objective data obtained by different sensors different types of devices could be 
used. When collecting information on e.g. travelled distance, speed, etc., data can be collected by means 
of internal vehicle bus data (e.g. CAN), by a separate logging device, like CANcase/-alyzer, inside the 
specially equipped vehicles.  
In Greek LFOTs, were there is no access to the vehicle bus (as the regular systems of the driver or the 
are used), other loggers have to be used and no access to the vehicle bus is available. The logger may 
contain a GPS receiver, for the estimation of GPS Position and Time, and can be equipped with other 
additional sensors, like accelerometers. Other more complex data acquisition systems, like driver 
monitoring systems, were not installed in these vehicles due to the costs, lack of driver acceptance and 
limited data storage.  
Following this approach, a software data logger was used for objective data logging in the Greek field 
operational tests. The software that was supplied by Telenavis, was installed on the nomadic device that is 
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used in the Greek Field Operational Tests and is incorporating into one main application both the core 
logging application and the navigation software.  
The nomadic device that is used in the Greek test site is a GPS-enabled PDA based on Microsoft 
Windows Mobile 6.1 and equipped with GPS module, Accelerometer sensor, HSDPA 900 / 2100 3G 
network, Class 10 (4+1/3+2 slots), 32 - 48 kbps GPRS and a high resolution screen. 
The logged data fall into four main categories in terms of accessibility. The first category refers to the 
GPS raw data that are being recorded directly by the logging software which has access to the GPS 
module of the PDA, with a frequency of 1Hz. The second category is consisted of the 3-axis acceleration 
data accompanied with the corresponding UTC timestamp. The software records the acceleration data at a 
frequency of about 4HZ directly from the acceleration sensor incorporated in the nomadic device. The 
third type of logged data refers to the different events that occur while driving. For that purpose the 
logging software is communicating with the Application Programming Interface of the navigation 
software. Additionally, traffic volume and traffic requests are collected and logged as events by 
communicating over GPRS with the Athens Traffic Management Centre. 
Objective data are collected via the sensors of the nomadic device, both in the baseline and in the 
experimental condition.  
Summarising, messages with the position, speed, acceleration and event data are generated 
approximately every 200 ms. Messages are locally stored in real time (after each trip) and are available to 
be uploaded to the central database every day.  
Data checks are performed periodically, to ensure completeness of data and provide for corrective 
measures, in case of problems. 
4.2. Subjective Data collection 
In Greek LFOTs subjective data are collected primarily by means of web-based questionnaires. Data 
were collected pre test, during test, and post test. 
In pre-test phase data about the participants was collected including e.g. gender, age, driving 
experience, experience of devices and function, as well as information on e.g. the expectations of the 
participants. 
During the test data on travel patterns, and user uptake (at the beginning of the test, after a certain 
period of use, and towards the end of the test) were collected. 
In the post-test phase a subjective evaluation of the functions tested is completed by the test 
participants. 
Subjective data is collected using the TeleFOT survey tools, which have been translated into the Greek 
language in order to be used in the Greek test site. The survey tools used in the Greek test site are the so 
called background questionnaire, the travel diaries and the user uptake questionnaires.  
The travel diary is completed after the end of month 1 of the baseline and experimental conditions. The 
during-test uptake questionnaire is completed after the end of month 1 of the experimental conditions. 
The background questionnaire is completed before the start of the experiments. The pre-test uptake 
questionnaire is completed before the start of the experimental condition. The post-test uptake 
questionnaire is completed at the end of the experimental condition.  
Participants are asked to hand in the questionnaires immediately after their completion. If these 
questionnaires are not handed-in in time, the participants are reminded to complete them.  
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Figure 5: Example of template for online surveys (via Lime Survey, http://www.limesurvey.org/).. 
4.3. Data process path (architecture)  
The collected data are stored in a central data and user management system. The following figure gives 
an overview of the data collection system architecture and the data flow:  
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Figure 6: Reference Test architecture for the TeleFOT . 
The vehicle logger (indicated as DAS in the above figure), is a s/w data logger installed in the nomadic 
device, which is equipped with an accelerometer and a GPS module. The DAS collects location and 3-
axis acceleration information at the specified frequency (1 Hz for GPS and ~4 Hz for acceleration).  
The central data collection server holds basically two databases: 
xThe database with the (raw) collected data from the vehicles, including time, position and 
acceleration data. Raw data is saved mainly for backup reasons. 
xA database with enriched data, where vehicle data is enriched with information from other 
sources, such as traffic & weather data, as well as information acquired through the TeleFOT 
survey tools. 
The data collected from the vehicles results in a vast amount of data, which has to be post-processed 
(as a pre-evaluation step) in order to calculate the performance indicators, before making the data 
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available to the analysts. This post-processing is handled centrally in the project and includes for example 
combining the location data per road segment and per journey, and calculating the relevant indicators 
(e.g. average speed over road segment), as well as assuring the data quality of the collected data. During 
this post-processing phase, the position data will be map matched to the road network.  
Common post-processing algorithms are used to calculate various simple indicators and aid the 
analysts in their more advanced work. This processing also harmonizes the used variables and reduces 
potential simple errors that individuals could make in the post-processing. Another benefit is that the 
analysts could avoid downloading full data sets and could concentrate on certain interesting parts based 
on the indicators. 
5. Conclusions 
This paper aims to describe and discuss the study design and the preliminary results for the Greek test 
site. A summary of the lessons learned together with the outlook to the future is attempted in this section.  
Conducting a pilot study is necessary to prepare for the deployment of the different FOTs, however 
careful planning is required as this phase requires time and cannot be rushed. Relying on local 
stakeholders for the FOT execution helps to drop costs, enhances deployment but requires careful 
organization. 
A careful recruitment process is necessary for the smooth conduction of the FOT. The recruitment 
should start well ahead the planned initiation of the FOTs, while a concise and realistic plan for user drop-
offs should be established before the tests initiation.  
Technical challenges may be encountered during the FOTs execution, including data misses, therefore 
it is necessary to plan for a help desk, a service back office and for a procedure for periodical data checks.  
Based on pilot analysis, accessing FOT content as harmonized database dump files seems to be a 
viable option also for future FOT projects. In some cases, the dumps could hold summary data only 
whereas analysts performing technical assessment could study the full raw data files in detail. Metadata 
collection process should be established to help analysts truly understand what has been going on in a 
FOT. Post-processing data has a rather large role and the calculations need to be double checked to spot 
possible mistakes. 
To date the Field Operational Tests continue executing in the Greek test site, following the early 
definition of the framework and the study design, followed by the test site set up, the pilot tests 
conduction and the recruitment periods. The primary research questions (related to the impact that the 
functions under study have to safety, mobility & behaviour, efficiency, environment and user up-take), 
and the associated research hypotheses and indicators have also been completed together with the data 
analysis plans for the studied impact areas. The Greek test site, which has achieved the participation of 
150 users is close to completing its activities, with the next step being the conclusion of the FOTs 
execution, and the dismantling of the tests by the end of December 2011. 
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